The Atlantic Meridional Overturning Circulation (AMOC) carries warm upper waters into northern high-latitudes and returns cold deep waters southward. Under anthropogenic greenhouse gas forcing the AMOC is expected to weaken due to high-latitude warming and freshening. Here, we show that the sensitivity of the AMOC to an impulsive forcing at high latitudes is an oscillatory function of forcing lead time. This leads to the counterintuitive result that a stronger AMOC can emerge as a result of, although some years after, anomalous warming at high latitudes. In our model study, there is no simple one-to-one correspondence between buoyancy forcing anomalies and AMOC variations, which retain memory of surface buoyancy fluxes in the subpolar gyre for 15-20 years. These results make it challenging to detect secular change from short observational time series.
Introduction
Warming of the upper North Atlantic over the past century has not been monotonic [Bindoff et al., 2007] . Departures from steady warming on decadal time-scales make it mandatory to identify and understand modes of climate variability in order to anticipate and detect future anthropogenic climate changes. Multidecadal variability in North Atlantic sea surface temperature (SST) is well established [Kushnir, 1994] and is nowadays referred to as the Atlantic Multidecadal Oscillation. Model studies suggest that this variability is associated with changes in the AMOC [e.g. Delworth and Mann [2000] ], with significant impacts on climate variability [e.g. Sutton and Hodson [2005] ]. In this study we investigate the link between North Atlantic surface heat fluxes and the AMOC using an ocean circulation model and its adjoint.
The model
The model used in this study is the MIT General Circulation Model [Marshall et al., 1997] It is comparable to the oceanic component of most state-of-the-art climate models. At the resolution employed here, ocean eddies are not explicitly resolved but parameterized following Gent and McWilliams [1990] . The model is driven by climatological monthly mean forcing obtained from NCEP/NCAR re-analysis [Kalnay et al., 1996] to the control variables. The adjoint approach provides the sensitivity to small amplitude perturbations about a linearization of the underlying model, and hence we restrict our attention to modest forcing anomalies. The cost function used in this study is defined as the monthly-mean mid-latitude AMOC at 27
• N (southward volume transport integrated between 1000m depth and the sea floor). This has an annual mean of ∼ 18Sv and a mean annual cycle of ∼ 5Sv.
Results
A prime mechanism for exciting a decadal oscillation in the AMOC and SST is heat flux variability over the North Atlantic, which is intimately connected with the North Atlantic Oscillation (NAO). 
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The evolution of the sensitivity of the AMOC to temperature anomalies is shown in . The experiment without SST restoring also shows a less pronounced seasonal cycle in the SST sensitivities. As the damping effect of the atmosphere is likely weaker than our SST restoring, reality may lie somewhere between these two experiments.
The AMOC in our model is the integrated response to subpolar heat fluxes over multiple previous decades. In order to assess whether this response can be reconstructed from 
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model studies [Johnson and Marshall, 2004] , but in contrast to Heimbach et al.
[2010] who find some sensitivity to interior temperature anomalies outside the North Atlantic. On shorter time-scales there is larger variability in the AMOC dominated by local wind stress anomalies [Köhl, 2005] .
In fact, the sensitivity to heat fluxes over the subpolar gyre is surprisingly small in our model. It is possible that atmospheric damping (i.e. SST restoring) is over-estimated in our model setup. While the oscillation is an internal oceanic mode, low frequency atmospheric forcing is crucial for its excitation [Delworth and Greatbatch, 2000] . 
